Imbalance is a major health problem affecting 90 million Americans and is the primary risk factor in falls, which consume $50 billion annually in medical costs (US). A person is often unaware of their balance challenge and its potential impact on fall risk and subsequent injury. Even when balance deficits and fall risk are realized, older patients may not pursue intervention for their disorder due to a fatalistic view of their advanced age. In this retrospective study, a cohort of older patients who had completed a course of vestibular rehabilitation therapy was studied for extent of recovery using computerized dynamic posturography (CDP) as the outcomes measure. The study group was comprised of sequential outpatients from a community-based balance treatment facility for whom pre-and posttherapy CDPs were available for analyses (N ¼ 76). Patients had been referred for imbalance, vertigo, unsteadiness, and falls-age range 66 to 99 years (mean 80.5 years). Balance function, measured by composite sensory organization test (SOT) CDP scores, improved on average 35% (P < .0001). Average posttherapy SOT score was 72.8, equivalent to the oldest SOT normative scores available (70 to 79 year age bracket; SOT Norm ¼ 72.9). A subset 10 years above this eldest norm, mean age 89.4 years (N ¼ 25, range 85 to 99 years), was then analyzed. Results revealed an improvement in balance function of 42.1% (P < .0001), with average posttherapy SOT score of 74.2. Data confirm that vestibular therapy programs can significantly recover, if not normalize imbalance even to age 99. Given that the eldest participants were well above average life expectancy in the United States (78.9 years), this study could be used by allied health professionals to encourage older patients to engage in balance and falls prevention programs.
Introduction
Falls risk and prevalence have increased steadily in the last several decades. [1] [2] [3] [4] [5] According to the World Health Organization (WHO), approximately 1 in 3 people aged 65 or older fall annually, with that risk increasing to 1 in 2 for those older than the age of 80. 6 The rising incidence of falls, combined with the fact that the fastest growing population is that of age 60 and older, makes falls risk an increasingly problematic concern from both an economic and social welfare viewpoint. In 2006, the worldwide 60 and older age-group was estimated at 688 million and is predicted to rise to an estimated 2 billion by 2050. 6 Given this growth in the elderly population, economic and social impacts of falls alone will affect society at an exponential rate.
The WHO in 2008 created a treatise on falls prevention. 6 The report outlined that falls lead to approximately 30% of mild to serious injury and are the cause of 15% of all emergency department visits. Average hospital costs for a fall injury now exceed $30,000 in the United States. 7 Currently, more than $50 billion dollars are spent annually and that number will dramatically increase over the next 10 to 20 years as the population 60 years and older rises. A person now dies every 18 minutes from a fall in the United States (based on 29,668 fall-related deaths in 2016), up more than 60% from 2007 where death by falls was every 29 minutes (Figure 1 ). Fall incidence continues to rise and has generated great focus from both the Centers for Disease Control and Prevention (CDC) and WHO. [8] [9] [10] [11] Demographics and complications of persons who fall are staggering. Falls are the primary cause of fractures in the elderly patients, accounting for 25% of hospital admissions. One in 5 patients who sustain a hip fracture will die in the following year. 12 Comparable high fall rates are found across the globe in both developed and underdeveloped countries. 6, 13 The WHO's Global Report on Falls Prevention recommends that '' . . . the design and implementation of culturally-appropriate, evidence-based interventions that will significantly reduce the number of falls among older persons'' be a priority action inasmuch as balance deficits and fall risk are directly correlated. 6 There is strong evidence to show that successful interventions are available to rehabilitate injury and prevent falls. 14 Reviews of the literature show that recovery of imbalance and falls reduction relates importantly to the specific perturbations applied during intervention. 15 For instance, data show that strength training alone is not enough and that practicing the actual motor skill of avoiding a fall during conditions that mimic an actual fall will decrease fall risk. 15, 16, 17 Thus, the physical challenges offered to patients during balance therapy are important features in the prediction of fall risk reduction, which is the ultimate goal.
A key question is whether there is an age beyond which an individual with imbalance cannot show significant improvement with targeted rehabilitation. Another key question is whether significant improvement of balance leads to decreased falls. The cause of falls is multisensory and multifactorial, though imbalance has been shown to be a significant correlate. 6, 18 Diversity of diseases causing imbalance is broad as is the diversity of medical specialties caring for it. Imbalance can originate from diabetic neuropathy, visual deficits, cardiovascular diseases, vestibular abnormalities, chemotherapyinduced distal paresthesias, concussion, and a variety of orthopedic and neurologic diseases to name a few (cf, Figure 2 ). The major challenge to curing imbalance is neither the lack of successful programs nor heterogeneity of the disease but more often self-perception of the fall risk patient that impedes participation in fall prevention and balance programs. In a study conducted across 6 European countries, many older adults reject they have a fall risk, hindering the ability of allied health professionals to intervene in their care. In fact, data show that older adults are not motivated to exercise simply to help prevent falls. 19 However, changing patient perception from ''falls prevention'' to ''strength and balance training'' was more successful at encouraging participation in balance programs. 20 Another self-perception that limits the elderly population from participation in balance therapy programs is that one is too old to participate and benefit from such program interventions. Research shows that older individuals often have a ''fatalistic belief '' about fall risk, a misconception that falls occur ''naturally'' because of age. This belief is ubiquitous across cultures. 19 ''Age identity'' has been shown to influence participation in falls prevention programs. 20 Thus, any evidence that age is not an impediment to efficacy should have a potential benefit of promoting participation in balance rehabilitation programs.
To help demonstrate that balance program efficacy is independent of age, advanced assessment tools are needed with well-accepted normative data for comparisons. Computerized dynamic posturography (CDP) is a commonly used objective assessment tool to determine adaptive impairments in balance control. It specifically analyzes visual, vestibular, and somatosensory components of balance and compares scores to an age-matched normative population. Imbalance is multifactorial in origin and CDP provides the highest technological analysis of sensory integration in maintenance of balance. Computerized dynamic posturography has proven beneficial even when electronystagmography measures of vestibular function are normal. 21 It provides highly reliable, reproducible results with minimal adaptation even after multiple repeated trials, and thus, is a sensitive measure with which to evaluate improvement in balance function after vestibular therapy. In addition to raw data for analyses, CDP provides color graphic representation so patients receive visual feedback on their progress as well. There are 6 conditions analyzed by the CDP, each repeated 3 times. A composite sensory organization test (SOT) score is compiled from these 18 individual test conditions and expressed as a percentage of maximum response. With its minimal adaptation, CDP is useful for repeated trials and within-subjects analyses.
With the goal of providing evidence that advanced age should not be a personal objection or impediment to participating in balance rehabilitation programs, a subset of older patients having imbalance were studied regarding the effectiveness of a specific vestibular therapy program. Overhead safety harnessing systems have been used extensively to reduce the risk of falling during therapy and to help older individuals develop gait-slip strategies by reducing the fear of falling during testing and treatment for imbalance and fall risk. 22 Our hypothesis was that older patients would meet or exceed age-based norms for recovery even up to 99 years when therapy was delivered wearing such a safety harness using CDP as the outcomes measure. 
Patients and Methods
Older patients who had completed a full course of vestibular therapy, using an overhead safety harness system, were analyzed retrospectively for overall improvement in balance function. These individuals presented for evaluation and management of balance and vestibular disorders caused by a broad variety of disease states similar to that described previously. 18 Sample population diagnoses and comorbidities are found in Figure 2 . Primary diagnoses included multiple sensory deficits (35.5%), vestibular disease (22.4%), neurologic disease (21.0%), cardiac and vascular disease (14.5%), and metabolic disturbance (6.6%). As seen, comorbidities were typical of this older population.
Study patients were selected from a sequential group of patients who had initiated therapy over a 3-month study period. Inclusion was based on patients (1) being referred for evaluation and management of imbalance, vertigo and/or unsteadiness, (2) failing a screening CDP during initial evaluation (NeuroCom SMART EquiTest, Natus Medical Incorporated, Pleasanton, California, USA), (3) completing a full course of prescribed vestibular therapy from initial evaluation through discharge, and (4) receiving a complete 18-component pretherapy SOT CDP at initial evaluation and a complete 18-component SOT CDP on final treatment day. Full-course vestibular therapy had been individualized and delivered for each patient as has been described previously. 23, 24 Seventy-six patients aged 66 to 99 years met these criteria for the retrospective analyses. All names and personal identifying information were blinded from the investigators in Health Insurance Portability and Accountability Act (HIPAA)-and Health Information Technology for Economic and Clinical Health Act (HITECH)-compliant fashion per institutional review board standards.
The study group was comprised of 35 males and 41 females, average treatment time 7 weeks, and average age 80.5 years. Patients underwent vestibular therapy on average 2 times per week for 7 weeks to complete their full course of prescribed treatment. Each patient received therapeutic intervention while being safely harnessed to a mobile ceiling track to reduce patient's fear of falling during their interventions (Figure 3 ). This allowed patients to engage in repetitive balance exercises without risk of falling during therapy. In addition to receiving pre-and post-CDP SOT testing, the group underwent various other standardized functional tests to assist with diagnosis and assess functional limitations during initial evaluation, such as the ''TUG'' test (Timed up and Go Test), 25 functional gait assessment (FGA), 26 and the four square step test of dynamic balance. 27 Final balance assessment was based on repeat trial CDP. In the case of FGA, 59% (45 of 76) of the study patients also had undergone a second FGA test on the date of discharge-the date of CDP SOT-2. These scores were available for statistical analyses as supplemental data on balance program efficacy. Vestibular therapeutic interventions were individualized for each patient's unique vestibular, visual, somatosensory, central, and orthopedic deficit. Pre-and posttreatment evaluations were subjected to within-subjects statistical analyses.
Results
The SOT-1 corresponds to pretreatment composite SOT score at initial evaluation. The SOT-2 corresponds to posttreatment composite SOT obtained at completion of vestibular therapy. For CDP validity, each of the 6 conditions must be repeated 3 times for a total of 18 scores to create final pretreatment and posttreatment SOT composite scores. Both SOT-1 (pretreatment CDP composite score) and SOT-2 (posttreatment CDP composite score) had normal distributions and therefore were subjected to within-subjects paired samples t tests. Figure 4 ). For comparison, NeuroCom Natus (Pleasanton, California, USA) uses criteria of 15% to evidence successful improvement of balance in an individual patient. Mean posttherapy composite SOT-2 scores for this 66-to 99-year-old group (mean age 80.5 years) was 72.8, equivalent to normative composite CDP scores for individuals 70 to 79 years of age (Norm ¼ 72.9). Functional gait assessment scores were also subjected to analyses. There were normal distributions in pre-and posttherapy FGA testing; therefore, pre-and posttreatment FGA scores were subjected to paired samples t tests. Results revealed average improvement of 5.43 points after therapy, which was statistically significant (N ¼ 45; T ¼ 2.592, P < .05).
The abovementioned data demonstrate positive responses to vestibular therapy up to 99 years of age. The main goal of the study was to prove there is no apparent age that prevents or limits significant improvement in patients having imbalance. Per the CDC, average life expectancy in the United States is 78.9 years. 28 Average age of our total study population was 80.5 years. Coincidentally, the oldest normative age bracket available for CDP comparisons is 70 to 79 years. Norms are not available above this age bracket (cf, composite SOT Norms: 20-59 years ¼ 79.8; 60-69 years ¼ 77.6; 70-79 years ¼ 72.9).
To provide further confirmation that benefits of balance therapy are as robust in the eldest patients, an even older study subset, with mean age significantly above average life expectancy, was sought for evaluation. A subset was identified within the total study group that had a mean age approximately one decade above average life expectancy. This subset consisted of 25 of the eldest patients with ages ranging from 85 to 99 years (mean age of 89.4 years) and provided sufficient patient numbers to provide statistical power for analyses. Subset data selection was based on advanced age alone. Pretherapy SOT-1 and posttherapy SOT-2 scores had normal distributions and thus were subjected to within-subjects paired samples t tests. Results revealed posttreatment average composite SOT-2 scores of 74.24. This reflected a statistically significant 19.6-point improvement in balance function between pretreatment and posttreatment SOT scores, or 42.1% mean improvement after vestibular therapy in this 85-to 99-year-old group (SE ¼ 2.64, t ¼ 7.44, P < .0001, Figure 5 ). Of interest, one 99-yearold posttreatment SOT score was elevated to 81, exceeding norms for the 20 to 59 age-group (SOT Norm ¼ 79.8).
Discussion
Results of this study suggest that there is no apparent age above which imbalance cannot be significantly improved. Falls prevention programs are a high priority of health-care systems across the globe, and imbalance is a major correlate to fall risk. Most older adults are not motivated to prevent falls, though, with studies showing fatalism, or a sense of ''inevitability,'' representing a significant barrier to participation in falls prevention programs. 19, 29 This study provides statistical support that age, even to 99 years, should not be a barrier of entry into programs focused on balance rehabilitation. Improvement in composite CDP SOT scores occurred after directed vestibular therapy utilizing an overhead support harness in a patient population aged 66 to 99 years. Although this study does not demonstrate direct correlation between recovery of balance and future falls prevention, composite SOT is a measure of generalized balance and has been used extensively to predict fall risk. [30] [31] [32] Composite SOT scores provide quantitative assessment of ability to utilize vestibular, somatosensory, and visual cues to maintain posture and balance, and thus serve as a measure of therapeutic effectiveness. At mean age 80.5 years, posttherapy SOT scores were equivalent to normative scores of 70-to 79-year-olds.
Data also demonstrated that the elder subgroup age 85 to 99 years showed excellent responses to balance therapy. At mean age one decade older than average life expectancy in the United States (89.4 years vs 78.9 years, respectively), CDP scores recovered to levels equivalent to normal individuals aged 70 to 79 years.
Beneficial effects of balance therapy are multifactorial in origin. Meta-analyses of exercise data show that ''perturbationbased balance training'' teaches compensatory mechanisms. 33 In short, we encounter postural ''perturbations'' daily, and how one responds to a perturbation dictates whether or not a moment of imbalance will result in a fall. A major challenge is how to train a person to perform an activity that may have led to a fall or near fall in the past. By placing elder patients in a mobile harness, 22 safety and confidence in the designated activity is restored, and fear of falling is reduced during therapy. This allowed patients to challenge their activity limits and develop compensatory strategies as the therapy ensued, even in the eldest age bracket. Thus, even the eldest balancechallenged patient has the potential for normalization of balance function. Although the current study does not demonstrate directly that improvement in balance leads to reduction in falls, prospective studies in the past have demonstrated this direct correlation. 34, 35 There are many barriers of entry into fall prevention programs. Fatalism, the perception that age makes imbalance and falls an inevitability, is one of these major impediments to participation. We are hopeful that allied health professionals can use the data reported herein to help patients overcome the perception that they are too old to participate in and benefit from balance therapy and fall prevention interventions. 
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